Hepatitis B virus (HBV) infection is more common in African Americans than in white Americans. We compared the epidemiologic, clinical, and virological characteristics of US-born African Americans (USAAs) to those of foreignborn African Americans (FBAAs) with chronic hepatitis B. The adult cohort study of the Hepatitis B Research Network enrolls patients with HBV infection from 21 clinical sites in the United States and Canada. A total of 237 (15%) of the adult participants with chronic HBV infection that were enrolled from January 20, 2011, to October 2, 2013, were of African descent, including 57 USAAs and 180 FBAAs (76%). Compared with FBAAs, USAAs were older and more likely to have acquired HBV through sexual exposure, to be HBeAg-positive, to have higher HBV DNA levels, and to be infected with HBV genotype A2. FBAAs from West Africa were more likely to have elevated serum alanine aminotransferase (72% vs. 50%; P < 0.01) and higher HBV DNA levels (median, 3.2 log 10 IU/mL vs. 2.8 log 10 IU/mL; P = 0.03) compared with East African FBAAs. The predominant HBV genotype among West African FBAAs was E (67%), whereas genotypes A (78%) and D (16%) were common in East African FBAAs. Significant differences were found between USAAs and FBAAs, highlighting the need for tailored strategies for prevention and management of chronic HBV infection for African Americans. African American; genotype; hepatitis B e antigen; hepatitis B virus; mode of transmission Abbreviations: ALT, alanine aminotransferase; FBAA, foreign-born African American; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; STD, sexually transmitted disease; ULN, upper limit of normal; USAA, US-born African American.
It is estimated that a third of the world's population has been exposed to hepatitis B virus (HBV) at some point in life. As many as 250 million people may have chronic HBV infection worldwide. Consequently, HBV is a leading cause of cirrhosis and hepatocellular carcinoma (HCC) globally (1, 2) . Despite implementation of universal vaccination to prevent HBV infection in an increasing number of countries, hepatitis B remains a major global public health problem.
In the United States, HBV infection represents an area of health disparity. First, the burden of HBV infection is considerably higher among nonwhites than among whites (3, 4) . Although HBV is commonly recognized as a health problem in Asian Americans, African Americans comprise another group with high HBV prevalence. National surveys have found that the prevalence of HBV in African Americans is 2-3 times higher than in white non-Hispanic Americans (5) . Second, it is estimated that the majority of Americans with chronic HBV infection are foreign born (6) . This is important because the proportion of foreign-born individuals in the United States is on the rise, with a current estimate of approximately 13% of the population being foreign born. The number of foreign-born Americans known to be infected with HBV has been estimated to be approximately 1.3 million (7) . While the majority (n~770,000) of foreign-born Americans with HBV comes from Asia, the next largest groups are from African (n~150,000) and Caribbean (n~160,000) countries, with the majority of Caribbean individuals with HBV infection being of African descent. The prevalence of HBV among recent immigrants from Africa may be similar, if not higher, than among recent immigrants from Asia (8, 9) . Currently, the Centers for Disease Control and Prevention (CDC) and the US Preventive Services Task Force recommend screening all foreign-born individuals originating from regions with HBV prevalence of 2% or higher (10, 11) .
Globally, most published data about HBV infection are derived from patients of Asian descent, whereas HBV infection in Africa remains poorly studied. Africa as a whole has a high burden of HBV infection, with an estimated 50 million carriers. Within the continent, the prevalence of HBV infection shows regional variability-all sub-Saharan African countries are categorized as areas of high endemicity, whereas North African countries are of intermediate endemicity (12) (13) (14) (15) . The reported prevalence of HBV infection in sub-Saharan Africa varies from 9% in South Africa to 20% in the Democratic Republic of Congo (16, 17) . Moreover, available data suggest that the epidemiology of HBV infection in Africa differs from that in Asia. For example, the predominant HBV genotypes in Africa are A, D, and E, compared with genotypes B and C in Asia (18) (19) (20) . HCC often occurs at a younger age in Africans than in other racial/ethnic groups, although whether this is due to viral, host, or environmental factors remains to be determined (21, 22) .
In recent decades, political unrest in many African countries has led to increased emigration to Europe and North America. In the United States, where foreign-born African individuals comprise a significant minority of recent arrivals, the epidemiologic, clinical, and virological profiles of foreign-born African Americans (FBAAs) infected with HBV have not been well studied. The primary aim of this study is to describe the demographic, epidemiologic, and clinical characteristics of US-born African Americans (USAAs) and FBAAs in the United States. We also compared the characteristics of FBAAs from East Africa versus West Africa. Last, we explored the association between the geographic origin of the participants and their HBV viral characteristics, HBV DNA concentrations, and serum alanine aminotransferase (ALT) activities.
METHODS

Data source
The Hepatitis B Research Network is a cooperative network funded by the National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK) to study the epidemiology, natural history, long-term outcome, and optimal therapy of chronic HBV infection among persons in North America. The Hepatitis B Research Network adult cohort study is an observational study that recruited hepatitis B surface antigen (HBsAg)-positive adults from 21 clinical sites, which included academic and community clinics in the United States and in Toronto, Canada. The primary aim of the study is to describe the characteristics of participants with chronic HBV infection from diverse regions and populations and to identify predictors of disease activation and progression. The details of the network and the adult cohort study have been described elsewhere (23) .
Study participants underwent a baseline evaluation at the time of enrollment in cohort study and were followed prospectively at regular intervals. The baseline evaluation included demographic information, past medical and family history, physical examination, and laboratory data. Information was collected on risk factors for HBV infection, family history, comorbid conditions, health behavior, and socioeconomic status. Routine laboratory tests, such as measurement of serum aminotransferase activities, were performed locally. Virological assays-including HBV genotype, hepatitis B e antigen (HBeAg), and serum HBV DNA concentrations-were performed at central laboratories supporting the Hepatitis B Research Network.
Collection and analysis of data
Data on race and place of birth were based on self-reporting by the study participant. Participants of African descent were identified and categorized as USAAs or FBAAs. Because the majority of FBAAs originated from Africa, subsequent analysis considered differences in characteristics in FBAAs from countries on the Indian Ocean side (termed East Africa) and the Atlantic side (termed West Africa) of the continent. Because few patients came from land-locked countries or North Africa, participants from these regions were classified as coming from East or West Africa based on proximity and cultural relationship with either coast. The rationale for comparing participants from East versus West Africa was 1) historically, population migration patterns followed the coasts because of the difficulty and danger of transcontinental (East-West) passage, and 2) previous data showing differences in HBV characteristics (e.g., genotypes) between persons living in East and those in West Africa.
We compared risk factors, presumed sources of infection, laboratory data (including serum ALT, HBV DNA levels, and HBV genotype and subgenotype), and clinical phenotypes, as defined below, between USAAs and FBAAs. Serum HBV DNA levels were measured at a central virology laboratory at the University of Washington, using the real-time PCR assay, COBAS AmpliPrep/COBAS TaqMan HBV Test, v2.0 (Roche Molecular Diagnostics, Branchburg, New Jersey), with a lower limit of detection of 20 IU/mL. HBV genotype data were obtained from the Molecular Epidemiology and Bioinformatics Laboratory, Division of Viral Hepatitis, Centers for Disease Control and Prevention. Genotyping was done by nucleic acid mass spectrometry as previously described (24) and subgenotyping by sequencing a region of the S gene, at nt 217-658 of the HBV genome, followed by phylogenetic clustering with annotated reference strains (25) . When these data from central laboratories were unavailable, historical data from local laboratories, if present, were used.
Clinical phenotypes were defined using the following criteria, where the upper limit of normal (ULN) of serum ALT was 30 U/L for men and 20 U/L for women. 1) Immune tolerant: HBeAg-positive, ALT below the ULN on ≥2 occasions at least 6 months apart, and HBV DNA levels >10 6 IU/mL; 2) HBeAg-positive chronic hepatitis: HBeAg-positive, ALT >2 × ULN on ≥2 occasions at least 6 months apart, and HBV DNA levels >10 4 IU/mL; 3) HBeAg-negative chronic hepatitis: HBeAg-negative, ALT ≥2 × ULN on ≥2 occasions at least 6 months apart, and HBV DNA levels ≥10 3 IU/mL; 4) Inactive carrier: HBeAg-negative, ALT below the ULN, and HBV DNA levels <10 3 IU/mL on ≥2 occasions at least 6 months apart; and 5) Indeterminate: not belonging in any of the above categories. Investigators assigned a phenotype for each patient on the day of enrollment.
For statistical analysis, we summarized categorical patient characteristics by the place of birth using frequencies and percentages. The χ 2 test or its exact version was used to assess statistical significance. Continuous variables were summarized by medians and interquartile ranges. We used the Kruskal-Wallis test to compare the distributions of continuous characteristics across patient groups. In addition to these descriptive analyses, multivariable regression analyses were conducted to explore factors which might account for differences in the clinical profiles of USAAs and FBAAs. A multiple median regression model was created to model serum ALT after a log 10 transformation. The log 10 transformation was conducted due to the skewness of the ALT distribution. The following covariates were considered: age, sex, geographic origin, mode of transmission, HBV genotype, HBeAg status, and serum HBV DNA concentrations, and those with P values of ≤0.05 were retained in the final model by the stepwise selection method. All statistical analyses were performed in SAS, version 9.4 (SAS Institute, Inc., Cary, North Carolina).
RESULTS
Of the consecutive adult participants with chronic HBV infection enrolled in the Hepatitis B Research Network cohort study from January 20, 2011, to October 2, 2013, a total of 237 (15%) were of African descent, including 57 USAAs (24% of the participants of African descent) and 180 FBAAs. FBAAs included 112 from East Africa, 54 from West Africa, and 14 from other regions of the world, including the Caribbean (n = 11), Europe (n = 1), and Asia (n = 2). Figure 1 summarizes the country of origin of the FBAA patients. Table 1 shows that USAAs, in comparison with all FBAAs, were older (median age = 47 years vs. 40 years; P = 0.004) and more likely to have sexual transmission (59% vs. 3%; P < 0.001) as the presumed source of HBV infection. They had a significantly more frequent history of sexually transmitted diseases (STDs) (45% vs. 8%; P < 0.001), samesex sexual activities (10% vs. 1%; P = 0.009), illicit use of injection drugs (7% vs. 0%; P = 0.003) and intranasal drugs (16% vs. 0%; P < 0.001), and tattoos (19% vs. 8%; P = 0.02). Despite their older age, USAAs were more likely to be HBeAg-positive (19% vs. 9%; P = 0.04) and more often categorized as having HBeAg-positive chronic hepatitis, whereas FBAAs were more likely to be categorized as inactive carriers. Table 2 compares characteristics of the 166 FBAAs from East and West Africa. West African FBAAs were younger and more likely to have acquired HBV by vertical transmission (51% vs. 14%). They had a less frequent history of blood transfusion (4% vs. 15%; P = 0.047). A majority of both groups (>88%) were HBeAg-negative; however, West African FBAAs were more likely to have HBeAg-negative chronic hepatitis (28%), whereas East African FBAAs were mostly characterized as inactive carriers (80%). Figure 1 ).
In univariable analyses correlating serum ALT activities with age, sex, geographic origin, mode of transmission, parenteral risk factors, HBV genotype, and HBeAg status, all of the variables, except history of intranasal drug use, previous diagnosis of STDs, and same-sex sexual activities, were significantly associated with ALT activities (Web Table 2 ). Multivariable regression modeling showed male sex, younger age, place of birth (not born in East Africa), and higher HBV DNA levels to be significantly associated with increased serum ALT activities (Table 4 ). All other factors, such as HBV genotype, were no longer significant after adjusting for the 4 selected factors.
DISCUSSION
African Americans have a 2-3-fold higher prevalence of HBV infection than do white Americans, but there have been very few studies on the epidemiologic, clinical, and virological characteristics of HBV infection among African Americans. Moorman et al. found that the burden of viral hepatitis among blacks in the United States was high both in terms of morbidity and mortality rates (26) ; however, that study did not provide data on HBV genotype or country of birth, and clinical and laboratory data were collected retrospectively. Our study, which included more than 200 African Americans with chronic HBV infection enrolled from clinical sites distributed all over the United States, provided a unique opportunity to study the characteristics of HBV infection among African Americans. We found many differences in epidemiologic, virological, and clinical characteristics between US-and foreign-born participants of African descent with chronic HBV infection (27) . FBAAs were also not homogeneous, and we observed significant differences between East and West African-born participants. USAAs, the majority of whom derive their ancestry from West Africa, shared some characteristics with West African FBAAs, such as high serum ALT and HBV DNA.
It is well known that in endemic areas, HBV is commonly acquired at an early age, either vertically at birth from an infected mother or horizontally during early childhood (28, 29) . Although vertical transmission is thought to be the most common route of HBV transmission in Asia, our data and previous epidemiologic investigations have indicated that horizontal transmission plays a more important role in maintaining HBV endemicity in Africa. The low prevalence of HBeAg-positivity or high-level viremia, particularly in East African FBAAs, may in part explain the low frequency of vertical transmission, because the risk of vertical transmission is in direct correlation with the viral load of the mother at the time of delivery (30) . For example, in Namibia, where only 15% of HBsAg-positive mothers are HBeAg-positive, only 1% of children under 6 months of age are HBsAg-positive; however, HBsAg prevalence reaches 13% in children aged more than 1 year, and this increases further with age (31). Similar findings have been reported in Somalia, Kenya, and Ethiopia (32) (33) (34) . Sexual transmission, an important route for HBV infection in adults, was the most common source of infection in USAAs. A history of STDs and/or same-sex sexual activities was reported at much higher frequencies in USAAs than in FBAAs. Nonetheless, venereal transmission of HBV remains an important mode of transmission in African communities. Certain social practices of the region may contribute to this phenomenon, including polygamy and forced marriage of young girls to older men (35, 36) . A study in Mauritania linked the prevalence of HBV in pregnant women with risk factors such as age, marital status, polygamy, and the number of children. Other studies showed similar results in West Africa (37, 38) .
The natural history of chronic HBV infection is complex, consisting of several clinical phenotypes or phases (39, 40) . Most of the published data to date on the natural history of HBV infection were derived from studies of individuals of Asian descent, and it is unknown whether the same principles apply to persons of African descent who acquired infection at a later stage in life and are infected with different genotypes. In our study, there were significant differences in the HBV phenotypes among the different groups of AfricanAmerican participants. USAAs were more likely to have HBeAg-positive active hepatitis B than were FBAAs. Among FBAAs, East Africans were more likely than West Africans to be inactive carriers. Whether these differences may be attributed to viral (e.g., HBV subgenotype) or host (e.g., age at time of infection, genetic predisposition) factors remain to be fully determined.
One of the most interesting findings in this study was the geographic distribution of HBV genotypes (41) . Genotype A was most common among East African FBAAs and USAAs, while among West Africans FBAAs, genotype A was a minority type with genotype E being predominant. In light of the anthropological background that most USAAs are of West African ancestry, the discrepancy in HBV genotypes between modern-day West African FBAAs and USAAs raises an interesting epidemiologic question. Our data showed that USAA patients are predominantly infected with subtype A2, which is the European subtype, while East African FBAAs are predominantly infected with subtype A1. The fact that USAAs have a higher prevalence of sexual risk factors suggests that HBV infection in USAAs may have been acquired in adolescence or adulthood from the community at large. HCC has been reported to present at a younger age in Africans with chronic HBV infection, and HBV subtype A1 has been associated with a high risk of HCC in young noncirrhotic persons (42) (43) (44) . Thus, while clinical characteristics of HBV infection in USAAs and FBAAs appeared to be distinct from each other, the extent to which HBV genotype and subtype drives these differences remains to be determined, given the close correlation between the subtype and geographic origin in our data. Further study is warranted as these data will influence decisions about the age at which surveillance for HCC should begin. The predominance of genotype E in our West African FBAAs is consistent with previous epidemiologic surveys in the region, including Cote d'Ivoire, Cameroon, and Ghana. In contrast, the complete absence of genotype E among USAAs has been hypothesized to indicate that genotype E and, to a lesser extent, subtype A3 were disseminated in West Africa after the end of the transatlantic slave trade (45) . However, the most recent data suggest that HBV genotypes and subtypes have been in existence for thousands of years during human migration (46) . It is possible that HBV vaccination programs in all newborns in the United States since 1992 have prevented spread of HBV genotype E from West African FBAAs to USAAs in the last 2 decades (47, 48) .
Although this study drew from the largest cohort of African Americans with HBV infection, the number of participants included was modest. Other limitations of the study include the fact that risk factors for HBV infection were as reported by the participant, and not directly observed, and that most patients were recruited at academic centers, potentially decreasing the generalizability of the data to the entire African-American population. Nonetheless, the data clearly show that HBV infection in African Americans is a heterogeneous entity with diversity in the mode of transmission, clinical phenotypes, and virological characteristics. The study also highlights the differences between East and West African FBAAs. While some of these differences may be driven by HBV genotype, the extent to which other epidemiologic and host-specific factors also contribute remains to be studied. We conclude that HBV infection in persons of African descent is not a monomorphic entity, and our results may be relevant not only to American patients but also to recent African immigrants living in Europe and other parts of the globe. Our data highlight that strategies for prevention and management of chronic HBV infection need to be tailored separately for FBAA and USAA communities. a The predictors' effects on ALT activities corresponded to multiplicative effects. For example, the median ALT among men was 1.61 times that of women, and each 5-year increase in age was associated with 0.95 times (i.e., −5%) change in median ALT when holding other factors constant.
b West Africa, the United States, and other non-African regions were combined based on preliminary regression results.
